Physiological races of a fungal phytopathogen represent biotypes capable of attacking certain varieties of a susceptible host-species. Attempts to distinguish physiological races by other criteria have not yet been successful. On the other hand, strains of bacterial pathogens may often be identified using bacterial viruses (bacteriophage). Attempts to demonstrate a virus of a true fungus have not yet been successful.
Physiological races of a fungal phytopathogen represent biotypes capable of attacking certain varieties of a susceptible host-species. Attempts to distinguish physiological races by other criteria have not yet been successful. On the other hand, strains of bacterial pathogens may often be identified using bacterial viruses (bacteriophage). Attempts to demonstrate a virus of a true fungus have not yet been successful.
It seemed reasonable to assume that an obligate parasite of a fungal phytopathogen might provide the means to identify its physiological races. Olive et al.1 reported that the slime mold Acrasis rosea Olive & Stoianovitch required ingested food as its primary source of nutrients and that certain strains of the slime mold would ingest the spores of some but not other species of fungi. One "susceptible" species was Colletotrichum lagenarium (Pass.) Ell. & Halst., the incitant of anthracnose of cucurbits. An investigation of the "resistance" or "susceptibility" of four physiological races of this phytopathogen grown on four media and subsequently inoculated with each of six strains of A. rosea indicated that it was possible to identify each physiological race of C. lagenarium.
Materials and Methods.-Olive et al.1 have reported on the origin of five strains of A. rosea used in this investigation; strain MW-1 was isolated by S. K. Dutta. The slime molds were "cultured" on Rhodotorula mucilaginosa (red yeast) which was grown at room temperature on corn meal-dextrose agar (Difco) supplemented with 0.2 per cent yeast extract. The red yeast was highly "susceptible" and was rapidly ingested by the slime molds. The migration of myxamoebae of A. rosea from the red yeast to the agar was detected by the appearance of an obvious haze around the red yeast culture. Small rectangles (1 X 3 mm) of agar well away from the culture were removed from the hazy area and added to the center of sporulating colonies of C. lagenarium. The myxamoebae migrated from the agar block to the colony. It must be emphasized that only sporulating colonies were inoculated. The inoculated colonies were incubated at 220C for 5 days and then placed at room temperature in the light for an additional 5 days to determine if the spore masses of the phytopathogen had been ingested and if the slime mold had fruited.
The slime mold ingests spore masses but not the mycelium of a "susceptible" physiological race of C. lagenarium. The area of ingested spore masses resembled a "crater" when the surface of the colony was illuminated with incident, oblique light. If spore masses of one colony in a series of replicate plates of a "susceptible" physiological race of C. lagenarium were apparently not ingested, a portion of that colony which included the site of inoculation of the slime mold was transferred to a culture of red yeast. If the yeast was ingested, it was assumed that the slime mold had indeed ingested the spore masses of C. lagenarium but at a very slow rate.
The initial investigation was performed with one isolant of each of the four known physiological races of C. lagenarium; their origin was reported by Dutta et al.2 Later studies involved 13 isolants supplied by N. N. Winstead who had assigned all but one to a specific physiological race.
Only those cultures of C. lagenarium which displayed excellent growth and sporulation on the following media were used: minimal agar,3 potato-dextrose agar,3 bean agar,4 and yeast extract agar (0.5 per cent yeast extract, 2 per cent glucose, 2 per cent agar).
Colonies of C. lagenarium were scored on the fifth and tenth day after inoculation with the slime mold. Spore masses of "resistant" colonies were not ingested; spore masses of "susceptible" colonies were either poorly, obviously, or rapidly ingested. If the spore masses were rapidly in-gested (highly "susceptible"), the colony exhibited a crater within 5 days and the diameter of the crater increased in size during the next 5 days. In the case of "susceptible" colonies, a crater usually did not appear within 5 days but an obvious crater was observed by the tenth day.
A brief summary of the procedures may clarify the situation with respect to strains of the slime mold (A. rozea), the red yeast (R. mucilaginosa) used as "substrate" for the slime mold, and the physiological races and isolants of the fungal phytopathogen (C. lagenarium). All strains of the slime mold multiplied on the red yeast; myxamoebae of the slime mold were obtained from the hazy area surrounding the culture of red yeast; sporulating colonies of the fungal phytopathogen were inoculated with myxamoebae.
Results.-The "resistance" or degree of "susceptibility" of the four physiological races of C. lagenarium grown on four media to the six strains of the slime mold is summarized in Table 1 . All physiological races were "resistant" to the "Type" strain, regardless of the medium; one or more physiological races were "susceptible" to one or more of the other strains, depending on the medium. Certain combina- 4, rapidly ingested (highly "susceptible").
tions of physiological race and medium gave inconsistent results with respect to "susceptibility" or "resistance" to a specific strain of slime mold. This variation is being investigated. If colonies which exhibited a very small crater had been scored as "resistant," the number of inconsistent observations would have been reduced. Strain NC-18 fruited on all "susceptible" physiological races; strain MW-1 fruited on physiological races 3 and 4 grown on potato-dextrose agar. A scheme (Table 2 ) was devised to identify each physiological race of the phytopathogen by noting those combinations of medium and strain of slime mold which gave consistent results (see Table 1 ). The first dichotomy was established by determining the "resistance" or degree of "susceptibility" of a physiological race grown on yeast extract agar and inoculated with strain NE-30 of the slime mold. The second dichotomy required two tests to distinguish race 1 from race 2, and race 3 from race 4.
Since it was possible that four isolants of one physiological race might have given the same results as did the one isolant from each of the four known races, sporulat-ing cultures of the 13 isolants supplied by Winstead were tested to validate the scheme presented in Table 2 . The cultures were given code numbers to avoid inspired guesses. The 12 isolants of C. lagenarium came from different geographical sources and had already been assigned by Winstead to one of the four physiological races. All isolants were correctly identified using the procedure presented in Table 2 . Isolant S94-A-1 which had not been previously identified was assigned to race 1. It will be possible to test this identification by inoculating appropriate watermelon varieties.2
Discussion.-The nature of the resistance of certain varieties of a susceptible host-species to physiological races of a fungal phytopathogen has not yet been satisfactorily explained.5 Although it seems reasonable to assume that resistance may be attributed to physiological or biochemical mechanisms, direct evidence to implicate a specific physiological or biochemical difference between a susceptible and a resistant variety has not been forthcoming.
It seems reasonable to assume that differences between physiological races of a fungal phytopathogen may also have a physiological or biochemical basis. The results presented in this report indicated that the strains of the slime mold A. rosea were able to distinguish physiological races of the fungal phytopathogen C. lagenarium. The slime mold required ingested food, in this investigation the spore masses of C. lagenarium, to multiply. Since the medium on which the fungal phytopathogen was grown may determine its "resistance" or "susceptibility" to a strain of the slime mold, it is possible that the biochemical status of the phytopathogen may play a significant role in its "resistance" or "susceptibility" to a strain of slime mold.6
The identification of isolants of the phytopathogen C. lagenarium as to their physiological race on the basis of their "resistance" or "susceptibility" to strains of the slime mold may be compared to typing strains of bacterial pathogens using bacteriophage. In one sense, the fungal phytopathogen was treated as a host for the slime mold. It is possible that this procedure for assigning an isolant of C. lagenarium to a specific physiological race without resorting to inoculating it into varieties of a susceptible host-species may be extended to other fungal pathogens.
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3 Garber, 1)., E. G. Wyttenbach, and T. S. Dhillon, Am. J. Botany, (in press). 4I)utta, S. K., and E. 1). Garber, Botan. Gaz., 122, 118 (1960) . 5 Plant Pathology, ed. C. E. Holton (Madison: The University of Wisconsin Press, 1959). 6 Garber, E. D., Ann. N. Y'. Acad. Sci., 88, 1187 Sci., 88, (1960 The capacity of the thiol group to form hydrogen bonds is a question of some importance in organic chemistry and biochemistry. The earlier literature, which is adequately reviewed by Pimentel and McClellan,I indicates that the -SH group can form weak hydrogen bonds with strong donor groups. Only recently has it been shown that the sulfur atom can act as the donor2 in hydrogen bonding involving the -SH group.
Three laboratories3-5 have detected changes in the -SH infrared absorption which indicate hydrogen bonding in liquid thiols; the frequency shifts are small. Spurr and Byers5 have studied the -SH stretching absorption of six mercaptans and find that the variation with concentration in carbon tetrachloride solution of the total integrated absorption coefficient can be accounted for on the basis of a monomer-dimer equilibrium.
Forsen6 has measured the chemical shift of the -SH proton magnetic resonance of ethyl mercaptan at 40 Mc/s as a function of concentration in carbon tetrachloride. He found that the -SH signal showed a total shift of 0.38 i 0.015 ppm toward higher field on dilution, suggesting the presence of weak but significant hydrogen bonding. The smallness of the shift and its almost linear dependence on the mole fraction of mercaptan were taken to indicate that monomers and dimers are the predominating species.
Our continuing interest in the chemistry of aminothiols7 and in the kinetics of the oxidation of thiols to disulfides8 has led us to extend the N.M.R. study of thiol-containing compounds. Earlier reports have been insufficient to establish the range in which the thiol resonance may appear. Meyer, Saika, and Gutowsky9 have measured the chemical shift of the -SH group in benzenethiol and benzyl mercaptan with respect to an external water reference. Abraham, Pople, and Bernstein'0 have analyzed the spectrum of methyl mercaptan. Chamberlain" *has listed the range of 8.4-8.8 (in r units, ppm'2) for the -SH group in aliphatic thiols and the value of 6.4 for benzenethiol. Only Forsen6 has reported a dilution shift.
In order to obtain more information on the chemical shifts of the thiol proton
